Incidence and causes of severe neonatal hyperbilirubinemia in Canada
Background: Severe hyperbilirubinemia is the most common cause of neonatal readmission to hospital in Canada even though, in the majority of cases, risk factors can be identified before discharge. Severe neonatal hyperbilirubinemia and kernicterus continue to be reported worldwide in otherwise healthy term infants. We conducted this study to estimate the incidence of severe neonatal hyperbilirubinemia in Canada and to determine underlying causes, improved knowledge of which would be valuable to help identify strategies for risk reduction.
Methods: Data on term infants 60 days of age and younger with unconjugated hyperbilirubinemia were collected prospectively through the Canadian Paediatric Surveillance Program from 2002 to 2004. Infants were included if they had a peak serum total bilirubin level of more than 425 μmol/L or underwent an exchange transfusion. Infants with rhesus isoimmunization or who were born at less than 36 weeks' gestation were excluded.
Results:
Of 367 cases reported, 258 were confirmed to be severe neonatal hyperbilirubinemia, for an estimated incidence of 1 in 2480 live births. Causes were identified in 93 cases and included ABO incompatibility (n = 48), glucose-6-phosphate dehydrogenase deficiency (n = 20), other antibody incompatibility (n = 12) and hereditary spherocytosis (n = 7). The mean peak bilirubin level reported was 471 μmol/L (standard deviation [SD] 76 μmol/L, range 156-841 μmol/L). Fifty-seven infants (22.1%) underwent an exchange transfusion. A total of 185 infants (71.7%) were readmitted to hospital, 121 (65.4%) of them within 5 days of age.
Interpretation:
Severe neonatal hyperbilirubinemia continues to occur frequently in Canada. In the majority of cases, the underlying cause was not identified. The high readmission rate within days after initial discharge indicates a need for a more thorough assessment of newborn infants and consideration of strategies to identify at-risk newborns, such as predischarge measurement of serum bilirubin levels. some point in their care. A 2-tiered reporting process was used to collect the data. A monthly check-off form was mailed to participants asking them to return the form to the CPSP regardless of whether or not they identified a new case. A detailed questionnaire, developed by the research team, was then sent out to those who reported cases in order to gather clinical data and information related to the cause of the hyperbilirubinemia and analyzed by the investigators. Quarterly reminders were mailed to participants who had not responded each month. The CPSP assured the confidentiality of all information provided, since only date of birth and sex were requested. The study case definition, protocol and questionnaire were reviewed and approved by the CPSP steering committee panel of experts and by the research ethics boards of 3 hospitals in Toronto (St. Michael's Hospital, Mount Sinai Hospital and The Hospital for Sick Children).
Infants aged 60 days and less with unconjugated hyperbilirubinemia were included for assessment if they had a peak serum total bilirubin level of more than 425 μmol/L or had undergone a neonatal exchange transfusion, or both.
A bilirubin level of more than 425 μmol/L was chosen to define severe hyperbilirubinemia since an infant with this degree of jaundice is thought to be at high risk of kernicterus. 6 Furthermore, the Canadian Paediatric Society recommends considering an exchange transfusion at this level in healthy term infants without risk factors. 20 Infants who had rhesus iso-immunization were excluded since antenatal and postnatal strategies already exist to prevent the occurrence of severe neonatal hyperbilirubinemia from this cause. Infants who were born at less than 36 weeks' gestational age were also excluded.
Data were summarized using descriptive statistics. Continuous variables were analyzed using the independent Student's t-test. Fisher's exact test was used to test associations between other antibody incompatibility and discharge groups. A χ 2 test was used to test associations between all other categorical variables.
Results
From July 2002 to June 2004, 367 cases of severe neonatal hyperbilirubinemia were reported. Of these, 258 met the inclusion criteria for this study, for an estimated incidence of 1 in 2480 live births. There were 42 duplicate reports, 48 that did not fulfill the case definition and 19 (6.9% of cases that met the definition) that had incomplete data. The mean peak bilirubin level reported was 471 μmol/L (standard deviation [SD] 76 μmol/L, range 156-841 μmol/L). The baseline demographic characteristics of the study group are presented in Table 1 . The mean maternal age was 29.8 (SD 4.3) years, and 91 women (35.3%) were pregnant with their first child. The most common maternal ethnicity reported was white (55.4%) followed by Asian (24.3%), Aboriginal (7.6%), black (5.2%), Middle Eastern (4.0%), Latin American (2.8%) and other (1.0%).
A cause for severe hyperbilirubinemia was identified in 93 cases (36.0%) ( Table 2) . ABO blood group incompatibility (n = 48) was the most common cause, followed by G6PD deficiency (n = 20). Of those with ABO incompatibility, 32 cases (66.7%) involved infants born to mothers with type O blood. In 165 cases (64.0%) no cause was identified for the hyperbilirubinemia. The demographic characteristics did not differ significantly between cases with and without a specific diagnosis, although those with no specific diagnosis presented later than infants with an identified cause for the hyperbilirubinemia (4. Severe neonatal hyperbilirubinemia was identified in 73 infants before they were discharged from hospital. The remaining 185 infants were readmitted with hyperbilirubinemia from home. The median age of readmission was 5 days (range 1-19 days) (Fig. 1) . One hundred and twenty-one infants (65.4%) were readmitted within 5 days of age. Thirtynine infants (21.1%) had lost more than 10% of their birth weight at the time of readmission. The predischarge and readmission cohorts had similar birth weights, gestational ages and sex distribution (Table 3) , but the readmission cohort had a much higher peak total bilirubin level (p < 0.001) and presented later (p < 0.001) ( in the number of infants with a specific diagnosis ( Table 3 ). All but 1 infant received phototherapy. Fifty-seven infants (22.1%) underwent an exchange transfusion. Other treatments included administration of albumin (n = 4), intravenous immunoglobulin (n = 3) and phenobarbital (n = 1). At the time of presentation, 51 infants (19.8%) had abnormal neurologic symptoms, including seizures, irritability, poor suck reflex and abnormal muscle tone. Thirteen infants had clinically important neurologic abnormalities at final discharge, including hearing loss (n = 10), seizures (n = 2), motor deficits (n = 2) and vision loss (n = 1).
Interpretation
Through this study we systematically estimated the number of infants with severe hyperbilirubinemia in Canada and the underlying causes. An estimate of the incidence of severe hyperbilirubinemia in Canada (assuming about 320 000 live births per year) would be 1 in 2480 live births (258 in 640 000 over the 2-year study period). 21 It is anticipated that any infant in Canada with a total bilirubin level of more than 425 μmol/L would be referred to a pediatrician or neonatologist. Therefore, using the Canadian birth cohort as a denominator to estimate incidence would be appropriate. Despite a high response rate (the CPSP survey response rates in 2002, 2003 and 2004 were 83%, 83% and 82%) 22 and strict case definitions, the estimate of 1 in 2480 live births is likely conservative given that this is based on voluntary reporting.
Since the shortened length of hospital stay for newborns was introduced in the early 1990s, neonatal readmission to hospital has increased. In both Canada and the United States the most common cause for infant readmission is severe hyperbilirubinemia. 2,4,5 Our results raise concerns that underrecognition and inadequate investigation of severe hyperbilirubinemia in otherwise healthy infants contribute to early readmission and possibly long-term consequences, including bilirubin-induced encephalopathy and kernicterus. Our findings are consistent with the concerns previously raised by the American Academy of Pediatrics and the US Centers for Disease Control and Prevention. 11, 12 It is often difficult for family practitioners or other primary care providers to evaluate all newborn infants within 48-72 hours of discharge, as is recommended by the American Academy of Pediatrics. 12, 23 Similarly, the Canadian Paediatric Society recommends follow-up for newborns within 48 hours of discharge from hospital. 20, 24 Both associations recommend clinical assessment of infants for hyperbilirubinemia at these visits. However, it has been shown that visual inspection of newborns is not an accurate means of assessing the presence or severity of hyperbilirubinemia. 25, 26 Currently, cord blood tests for blood group type and Coombs tests are not routinely done in Rh-positive mothers. There is also no current recommendation regarding serum bilirubin testing for newborns other than a general sense that it should be readily available in the follow-up period. 12, 20, 23 Bhutani and colleagues have demonstrated that measuring the serum bilirubin level before infants are discharged from hospital is helpful in predicting which infants will experience severe hyperbilirubinemia. 8 If a bilirubin test was done at the time of discharge, both followup planning and further testing (blood group, Coombs and G6PD tests) could be carried out to evaluate the risk of and to prevent severe hyperbilirubinemia.
Suresh and colleagues have suggested that it is not cost-ef- fective to obtain a serum bilirubin level from all infants when they are being discharged. 27 However, the incidence of kernicterus and other permanent neurologic consequences associated with hyperbilirubinemia (e.g., sensorineural hearing loss) are not known. Cases of kernicterus continue to be reported worldwide. 4, 10, 28 Although our study was not designed to assess the incidence of long-term neurologic disease (e.g., kernicterus), a further systematic study estimating the incidence of kernicterus in Canada and its associated morbidity would be valuable. A major limitation of the study was the reliance on self-reported data. Voluntary reporting invariably leads to underreporting, and therefore the true incidence of severe neonatal hyperbilirubinemia in Canada (and its associated causes) was probably underestimated. It was not possible to corroborate data reported by individual physicians, to clarify incomplete data or to follow-up inconsistent data entries. Despite the attempts to contact physicians who returned incomplete questionnaires by mail, email and phone, the study team was unable to obtain full information on all reported cases.
The results of this study demonstrate that severe neonatal hyperbilirubinemia continues to be a problem in Canada. Most infants were readmitted soon after discharge from hospital. Every effort should be made to identify at-risk newborns before they are discharged. This assessment should include measurement of serum bilirubin levels in infants who appear jaundiced or who have risk factors before they are discharged, preferably in the first few days of life. Laboratory testing to identity the cause needs to be complete in infants with clinically important hyperbilirubinemia. We recommend screening of infants born to mothers with type O blood, for blood type and Coombs' testing. Appropriate follow-up needs to be arranged before the infants are discharged, including repeat serum bilirubin testing if necessary. 8, 9 Repeat serum bilirubin testing should be based on predictive hour-specific serum bilirubin normograms used when the infants are discharged. 8, 9 
